The rs2241766 polymorphism was associated with a significant increase in hypertension risk based on our analysis. Moreover, an increased risk of rs266729 in hypertension patients was also detected. Our meta-analysis suggests that the rs1501299 polymorphism may play a protective role in hypertension in Caucasian subgroup; however, this finding requires further study.
polymorphism of 11377 C/G (rs266729) in ADIPOQ gene was indicated to have independent effects on diastolic blood pressure reported by Avery et al. 16 . The small numbers and varying populations of the published studies may partially account for the controversial results. Therefore, we performed this meta-analysis to investigate the associations between ADIPOQ rs2241766, rs1501299 and rs266729 polymorphisms and hypertension.
Results
The Characteristics of the Include Studies. A total of 233 articles were obtained by online and manual search. After removing duplicates and screening the title and abstract, eighteen articles were selected. Seven articles were excluded due to lack of detailed genotype distribution. Finally, a total of eleven published articles 10, 17, 18, [20] [21] [22] [23] [24] [25] [26] [27] , involving 4837 cases and 5618 controls were included in this meta-analysis (Seen in the Meta-Analysis Results and Heterogeneity Analysis. Table 2 shows the main results of this meta-analysis and the heterogeneity of the ADIPOQ gene polymorphisms and hypertension risk. The fixed effect model was adopted to calculate the pooled ORs for each individual polymorphism lacking heterogeneity. The rs2241766 polymorphism was associated with increased risk of hypertension in the allelic model (G VS T: OR = 1.16, 95%CI = 1.06-1.27), recessive model (GG VS GT + TT: OR = 1.34, 95%CI = 1.10-1.63) (Fig. 1) , dominant model (GG + GT VS TT: OR = 1.15, 95%CI = 1.02-1.30), and homozygote model (GG VS TT: OR = 1.38, 95%CI = 1.21-1.69). For rs266729, increased risk was only found in the recessive model (GG VS GC + CC: OR = 1.43, 95%CI = 1.02-2.01) (Fig. 2) . Association was not detected in rs1501299 polymorphism, and subsequently, subgroup analysis was introduced to uncover some potential details concerning associations between rs1501299 and hypertension risk. Table 3 summarizes the results of the stratified analyses of ADIPOQ polymorphisms and hypertension risk. As stratified by ethnicity for rs1501299, significant associations were found in the Caucasian group. A decreased risk of hypertension was observed in the allelic model (T VS G: OR = 0.75, 95%CI = 0.58-0.97) (Fig. 3) , dominant model (TT + TG VS GG: OR = 0.83, 95%CI = 0.71-0.98), and heterozygote model (TG VS GG: OR = 0.82, 95%CI = 0.68-0.99). However, when stratified by age, body mass index, source of controls and sample size, no significant association was found. Significant results were also observed in both Caucasian and Mongolian subgroups in rs2241766 and rs266729 polymorphisms (Table 3) .
Sensitivity analysis. Sensitivity analysis was performed by sequentially omitting 1 individual study; in order to detect the influence of each study on the overall meta-analysis. No heterogeneity was observed in the polymorphisms (Figs 4, 5 and 6), thus the results of our meta-analysis were stable.
Publication bias.
No publication bias was detected among studies regarding the association between the rs2241766 polymorphism and hypertension risk (Fig. 7) . However, for rs1501299 and rs266729, publication bias was not evaluated because the number of studies included was less than 10 29 .
Discussion
Endothelial dysfunction plays an important role in the pathogenesis of hypertension [30] [31] [32] [33] . Adiponectin modulates the endothelial inflammatory response in vitro, and its concentration is decreased in patients with coronary artery disease and hypertension 34, 35 . The low circulating level of adiponectin was found to be related to hypertension 36, 37 , and polymorphisms of the ADPIOQ gene was reported to have a strong association with adiponectin concentration 38 . Whether the polymorphisms of the ADIPOQ gene are associated with hypertension have attracted growing increased attention. Although there are many researches about the SNPs in ADIPOQ with hypertension, three common gene variants of ADIPOQ, which are rs2241766 (+ 45 T > G in exon2), rs1501299 (+ 276 G > T in intron2) and rs266729 (− 11377 C > G in proximal promoter region), are widely deeply studied and full of inconsistent results, besides, the data about the three SNPs is sufficient to conduct meta-analysis or subgroup-analysis. Therefore, we choose these three polymorphisms to explore the associations between ADIPOQ gene polymorphisms with hypertension risk in our meta-analysis.
Our results show that the rs2241766 polymorphism in the ADIPOQ gene is significantly associated with hypertension. Increased risk is observed in the allele, recessive, dominant and homozygote genetic model. The minor G allele of ADIPOQ rs2241766 may increase the risk of hypertension by 16% (P = 0.002, OR = 1.16, 95%CI = 1.06-1.27), and GG genotype may increase the risk of hypertension by 34% compared to the GT and TT genotype (P = 0.004, OR = 1.34, 95%CI = 1.10-1.63). When compared with the TT genotype alone, a 38% increase in risk was detected in GG genotype group (P = 0.003, OR = 1.38, 95%CI = 1.21-1.69). In the ethnicity subgroup analysis, increased risk is not only observed in the allele, recessive, dominant and homozygote genetic models in the Caucasian group but also in allele, recessive and homozygote genetic model in Mongolian population. In the eleven included studies, four studies from the Chinese population are consistent with our results 18, 21, 23, 26 . An increase in hypertension risk attributed to rs2241766 polymorphism was found in the Chinese Bai population and a significant association with serum total triglyceride and low density lipoprotein was also Table 2 . Pooled ORs and 95%CIs of the associations between three polymorphisms in ADIPOQ gene and hypertension risk. OR = odd ratio; CI = confidence interval. aP value for between-study heterogeneity based on Q test; Bon = p value in Bonferroni test; FDR = false discovery rate. Significant results are marked in bold.
detected in patients with high blood pressure reported by Kang et al. 26 . In addition, the GG + GT genotype was related to high hypertension susceptibility and low circulating adiponectin level when compared to the TT genotype reported by Tang et al. 23 . However, the association between rs2241766 polymorphism and plasma adiponectin level was found to be only significant in normal blood pressure group reported by Jeng et al. 18 . In his opinion, no association between hypertension and rs2241766 polymorphism may be attribute to environmental factors such as diet-induced obesity. The rs2241766 polymorphism at exon2 in ADIPOQ gene may have an influence on the mRNA level in adipose tissue 39 . It is postulated that the rs2241766 polymorphism may affect the expression of ADIPOQ gene and contribute to the low level of adiponectin in plasma. Significant association between rs266729 and hypertension is found in the recessive genetic model in our study. The GG genotype may increase the risk of hypertension by 43% compared to GC and CC genotype (P = 0.040, OR = 1.43, 95%CI = 1.02-2.01). In the ethnicity subgroup analysis, increased risk was only detected in the recessive and homozygote genetic model. Four of five included studies addressing the association between rs266729 and hypertension risk were consistent with our result. Haplotype is also an important risk factor in hypertension and the − 11426G − 11377C haplotype was found to be associated with low plasma adiponectin level in the hypertension group, as reported by Zhang et al. 20 . The CG genotype of rs266729 was associated with high blood pressure in female group reported by Machado et al. 24 . In addition, a tendency of increased in DBP towards the CG and GG genotypes of the rs266729 polymorphism in healthy pregnancy women was also detected in his study. The G allele of rs266729 was significantly associated with the increased risk of hypertension by Jiang et al. 27 . Moreover, not only in Chinese group, an increase in SBP 16 and DBP 15 caused by rs266729 polymorphism was detected in a British population. Replacing a C with a G in the rs266729 polymorphism occurs in the proximal promoter region and genetic polymorphisms in the promoter region of ADIPOQ are associated with low serum adiponectin level and increased risk of hypertension in a Hong Kong Chinese population 15 . Based on the present evidence, rs266729 polymorphism is significantly associated with hypertension, however, the mechanism of whether the rs266729 polymorphism has an influence on hypertension susceptibility through the low levels of plasma adiponectin warrants further study.
In the Caucasian subgroup, the rs1501299 polymorphism in the ADIPOQ gene was significantly associated with hypertension. The minor T allele of ADIPOQ rs266729 may decrease the risk of hypertension by 25% (P = 0.026, OR = 0.75, 95%CI = 0.58-0.97), and the TG genotype may decrease the risk of hypertension by 18% compared to GG genotype (P = 0.112, OR = 0.82, 95%CI = 0.68-0.99). The same decreased risk of hypertension was also observed in the dominant genetic model. For the rs1501299 polymorphism, a protective role of rs1501299 polymorphism in hypertension group is found in the Caucasian subgroup, which is contrary to the results of nine included studies. An association between the rs1501299 polymorphism and adiponectin concentration was found in obese subjects (BMI ≥ 26.7 Kg/m 2 ) 40 . High serum adiponectin in T-allele carriers of rs1501299 polymorphism in the severe preeclampic group was observed by Youpeng et al. 21 . However, in our study, no significant association was found in the BMI subgroup and gender could not be stratified by subgroup analysis due to lack of details regarding the gender distribution. Although the plasma adiponectin level is low in hypertension patients, we hypothesized that the ability of rs1501299 polymorphism to reduce adiponectin level is weaker than the other polymorphisms, thereby allowing for a relatively higher level of serum adiponectin, which suggests to a protective role for this polymorphism hypertension. More studies are required to explore the precise protective mechanism of rs1501299 polymorphism in hypertension. There were several limitations in this meta-analysis. First, only English and Chinese articles were included, which may bias the results. Second, patient heterogeneity and confounding factors might have distorted the analysis. Third, the number of included studies was relatively small in some subgroups, and, the results should be interpreted with caution. Fourth, the deviation of genotype distributions from HWE in the control populations in two studies addressing the association between rs2241766 and hypertension may imply genotyping errors or control selection bias in those studies. Fifth, only three common SNPs were evaluated in our study and other relevant SNPs in ADIPOQ which are unknown or understudied or not studies at all may also have potential associations with hypertension. Sixth, most included studies were researches about the ADIPOQ polymorphisms with systolic blood pressure. Whether there are potential relationship between the ADIPOQ polymorphisms with specific hypertension and related outcomes (diastolic blood pressure and pulse pressure) requires additional study. In addition, the potential influence on genotype-hypertension associations by environment factors is worthy of consideration.
In conclusion, the rs2241766 polymorphism was found to be associated with a significant increase in hypertension risk based on our analysis. Moreover, an increased risk in rs266729 in hypertension patients was also detected. Our meta-analysis suggests that rs1501299 polymorphism may play a protective role in hypertension in the Caucasian subgroup; however, additional studies are required to support this finding.
Methods
The systematic review was written in adherence to the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analyses) checklist 41 . Ethical approval was not necessary according to local legislation because of the type of study (meta-analysis) 42 .
Identification of the related Studies. PubMed, Embase, VIP, Wanfang and China National Knowledge
Infrastructure databases were thoroughly searched in March 2016 by the first two investigators to identify potential studies addressing the associations between the ADPIOQ gene polymorphisms and hypertension. The terms "hypertension," "high blood pressure, " "adiponectin, " "ADIPOQ, " "APM1, " "polymorphism, " and "polymorphisms" were used. The missing data (the data that we failed to identify during the electronic search) were obtained by reviewing the citations of review articles and all eligible studies. Table 3 . Stratified analysis of the associations of ADIPOQ polymorphsims with hypertension. OR = odd ratio; CI = confidence interval; BMI = Body mass index; P h = P value for heterogeneity test; N = the number of studies.
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Inclusion and Exclusion criteria. To be included in this meta-analysis, studies met the following inclusion criteria: (1) evaluation of the association between the ADIPOQ gene polymorphisms and hypertension; (2) case-control study or cohort design; (3) detailed genotype data could be acquired to calculate odds ratios (ORs) and 95% confidence intervals (CIs); Exclusion criteria: (1) duplication of previous publications; (2) comment, review and editorial; (3) study without detailed genotype data. The selection of the studies was achieved by two investigators independently, according to the inclusion and exclusion criteria by screening the title, abstract and full-text. Any dispute was solved by discussion.
Data Extraction. From each study, the following data were independently extracted by the first two investigators using a standardized form: first author's last name, year of publication, study country, ethnicity, genotyping methods, age, body mass index, sample size, source of controls, Hardy-Weinberg equilibrium, number of cases and controls, and genotype frequency in cases and controls for ADIPOQ gene. Different ethnicity descents were classified as Caucasian and Mongolian. Disagreements were resolved through discussion.
Quality assessment. Two reviewers independently assessed the quality of the included studies, according to a set of criteria (Table S1 ) modified on the basis of the Newcastle-Ottawa quality assessment scale. Scores ranged from 0 to 10, with 0 as the lowest and 10 as the highest quality.
Statistics analysis. Hardy-Weinberg equilibrium (HWE) was evaluated for each study by Chi-square test in control groups, and P < 0.05 was considered as a significant departure from HWE. Odds ratio (OR) and 95% confidence intervals (CIs) were calculated to evaluate the strength of the association between ADIPOQ gene polymorphisms and hypertension risk. Pooled ORs were performed for the allelic model (rs2241766: G versus T; rs1501299: T versus G; rs266729: G versus C), recessive model (rs2241766: GG versus GT + TT; rs1501299: TT versus TG + GG; rs266729: GG versus GC + CC), dominant model (rs2241766: GG + GT versus TT; rs1501299: TT + TG versus GG; rs266729: GG + GC versus CC), heterozygote model (rs2241766: GT versus TT; rs1501299: TG versus GG; rs266729: GC versus CC), and homozygote model (rs2241766: GG versus TT; rs1501299: TT versus GG; rs266729: GG versus CC), respectively. Heterogeneity was evaluated by Q statistic (significance level of P < 0.1) and I 2 statistic (greater than 50% as evidence of significant inconsistency). Heterogeneity between studies was evaluated with the I 2 test, and a higher I 2 values means higher levels of heterogeneity (I 2 > 90%: extreme heterogeneity; I 2 = 70% to 90%: large heterogeneity; I 2 = 50% to 70%: moderate heterogeneity; I 2 < 50%: no heterogeneity). In heterogeneity evaluation, when the I 2 < 50%, the fixed-effects model would be used; if the I 2 = 50% to 90%, a random-effects model was used; if the I 2 > 90%, the studies would not be pooled. Whenever heterogeneity was significant, sensitivity analysis was performed to detect the heterogeneity by omitting each study in each turn. Besides, subgroup analyses were stratified by ethnicity (Caucasian, Mongolian), age, body mass index, source of controls and sample size. The potential for publication bias was assessed with Begg's funnel plot and Egg's test. All the tests in this meta-analysis were conducted with the STATA software (version 12.0; State Corporation, College Station, Texas, USA). To adjust for multiple comparisons, we applied the Bonferroni method 43 , which control for the false discovery rate (FDR). The power of meta-analysis for each SNP to detect some effect size was estimated according to the method recommended by Hedges and Piggott, given a significant value of 0.05 44 .
